
j5oulder laboratories

^o. 72

TABLE OF MAGNITUDE
OF

REFLECTION COEFFICIENT
VERSUS

RETURN LOSS

(V= 20 log
10 n /

BY
R.W. BEATTY AND W.J. ANSON

U. S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



THE NATIONAL BUREAU OF STANDARDS

Functions and Activities

The functions of the National Bureau of Standards are set forth in the Act of Congress, \fareh

.'}, 1901, as amended by Congress in Public Law 619. 1950. These include the development and

maintenance of the national standards of measurement and the provision of means and methods for

making measurements consistent with these standards: the determination of physical constants and

properties of materials: the development of methods and instruments for testing materials, devices,

and structures; advisory services to government agencies on scientific and technical problems; in-

vention and development of devices to serve special needs of the Government: and the development

of standard practices, codes, and specifications. The work includes basic and applied research,

development, engineering, instrumentation, testing, evaluation, calibration services, and van

consultation and information services. Research projects are also performed for other government

agencies when the work relates to and supplements the basic program of the Bureau or when the

Bureau's unique competence is required. The scope of activities is suggested In the listing of

divisions and sections on the inside of the back cover.

Publications

The results of the Bureau's work take the form of either actual equipment and devices or pub-

lished papers. These papers appear either in the Bureau's own series of publications or in the journals

of professional and scientific societies. The Bureau itself publishes three periodicals available from

the Government Printing Office: The Journal of Research, published in four separate sections,

presents complete scientific and technical papers: the Technical News Bulletin presents summary

and preliminary reports on work in progres-,: and Bash- Radio Propagation Predictions provides

data for determining the best frequencies to use for radio communications throughout the world.

There are also five series of nonperiodical publications: Monographs, \pplied Mathematics Scries.

Handbooks. Miscellaneous Publications, and Technical Notes.

Information on the Bureau's publications can be found in \BS Circular 160. Publications of the

National Bureau of Standards (81.25) and its Supplement (.^1.50), available from the Superintendent

of Documents, Government Printing Office, \\ ashington 25. D.C.



NATIONAL BUREAU OF STANDARDS

technical ^Ttote

72 (PB161573)

September 19, i960

TABLE OF MAGNITUDE OF REFLECTION COEFFICIENT

VERSUS RETURN LOSS (L = 20 log —i—

)

by

R. W. Beatty & W.J. Anson

NBS Technical Notes are designed to supplement the Bu-
reau's regular publications program. They provide a

means for making available scientific data that are of

transient or limited interest. Technical Notes may be
listed or referred to in the open literature. They are for

sale by the Office of Technical Services, U. S. Depart-
ment of Commerce, Washington 25, D. C.

DISTRIBUTED BY

UNITED STATES DEPARTMENT OF COMMERCE

OFFICE OF TECHNICAL SERVICES

WASHINGTON 25, D. C.

Price $1.25





TABLE OF MAGNITUDE OF REFLECTION COEFFICIENT
1

VERSUS RETURN LOSS [ L = 20 logj

by

R. W. Beatty and W. J. Anson

The following table yields values of r for a given value of R

'10
according to the relationship R = 20 log. n

. The range and inter-

vals of R are as follows:

0. 0000 (0. 0001) 0. 0100, and 0. 000 (0. 001) 20. 000. One can

extend the use of the tables to higher values of R merely by shifting

decimal points in an appropriate manner. The intervals are suffi-

ciently small to permit convenient and accurate inverse interpolation.

The seven significant figures given in the table are estimated to be

correct except for an occasional error of one digit in the last place due

to rounding.

A number of applications of the table are possible, and the head-

ings Return Loss and Voltage Reflection Coefficient apply to the one

which led to the preparation of the tables. The Return Loss L is
R

related to the Voltage Reflection Coefficient jrj by the equation

L„ b 20 log,
rtR *10

2
In certain microwave reflectometer techniques , r is the magni'

tude of the ratio of the unknown reflection coefficient T to that of the
u

standard T . One measures R by means of a calibrated attenuator,
s

obtains r from the tables and then calculates jr = r jr I. In the
1 u s '

special and fairly common case in which lr j
~ 1, R equals the

' s

return loss of the unknown.





Another use of the table is in the determination of Voltage

Standing-Wave Ratio (VSWR) from the ratio in decibels measured with

an attenuator. In the case where VSWR is not defined in the most

usual way" , but so that it is less than one, the table will give VSWR

directly without need for inversion.

Inverse interpolation is useful when one needs to convert an

observed ratio such as is obtained with a ratio transformer, into

decibels.

When dealing with values of R greater than 20. 000, the proce-

dure is illustrated by the following example. Let R = 62. 000. Sub-

tract 3 times 20, obtaining 2. 000. From the table, the corresponding

value of R is 0. 7943282. Shift the decimal place 3 places to the left,

obtaining r = 0. 0007943282, corresponding to R = 62. 000. Note that

one shifts the decimal point to the left the same number n of places

as the multiple of 20 required to bring the result R - 20n within the

range of the tables.

The calculations for the table were programmed for an electron-

ic computer by J. Ballard and Mrs. M. Pratto of the Theoretical

Physics Group under the supervision of Dr. P. F. Wacker.

1. If for any reason more significant figures are needed, one can
recalculate perhaps making use of NBS Applied Mathematics
Series AM-27, "Tables of 10x .

" These are given to 11 signifi-

cant figures.

2. G. F. EngenandR.W. Beatty, "Microwave Reflectometer
Techniques, " Transactions on Microwave Theory and Techni-
ques, vol. MTT-7, No. 3, July 1959.

3. A. E. Booth, Microwave Data Tables , Iliffe and Sons, Ltd.,

London, England, 1959.
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The scope of activities of the National Bureau of Standards at its major laboratories in Washington, D.C., and
Boulder, Colo., is suggested in the following listing of the divisions and sections engaged in technical work. In

general, each section carries out specialized research, development, and engineering in the field indicated by its

title. A brief description of the activities, and of the resultant publications, appears on the inside of the front cover.

WASHINGTON, D.C.

ELECTRICITY. Resistance and Reactance. Electrochemistry. Electrical Instruments. Magnetic Measurements.

Dielectrics.

METROLOGY. Photometry and Colorimetry. Refractometry. Photographic Reseazxh. Length. Engineering

Metrology. Mass and Scale. Volumetry and Densimetry.

HEAT. Temperature Physics. Heat Measurements. Cryogenic Physics. Rheology. Molecular Kinetics. Free

Radicals Research. Equation of State. Statistical Physics. Molecular Spectroscopy.

RADIATION PHYSICS. X-Ray. Radioactivity. Radiation Theory. High Energy Radiation. Radiological

Equipment. Nucleonic Instrumentation. Neutron Physics.

CHEMISTRY. Surface Chemistry. Organic Chemistry. Analytical Chemistry. Inorganic Chemistry. Electro-

deposition. Molecular Structure and Properties of Gases. Physical Chemistry. Thermochemistry. Spectrochem-

istry. Pure Substances.

MECHANICS. Sound. Pressure and Vacuum. Fluid Mechanics. Engineering Mechanics. Combustion Controls.

ORGANIC AND FIBROUS MATERIALS. Rubber. Textiles. Paper. Leather. Testing and Specifications.

Polymer Structure. Plastics. Dental Research.

METALLURGY. Thermal Metallurgy. Chemical Metallurgy. Mechanical Metallurgy. Corrosion. Metal Physics.

MINERAL PRODUCTS. Engineering Ceramics. Glass. Refractories. Enameled Metals. Constitution and

Microstructure.

BUILDING RESEARCH. Structural Engineering. Fire Research. Mechanical Systems. Organic Building Ma-
terials. Codes and Safety Standards. Heat Transfer. Inorganic Building Materials.

APPLIED MATHEMATICS. Numerical Analysis. Computation. Statistical Engineering. Mathematical

Physics.

DATA PROCESSING SYSTEMS. Components and Techniques. Digital Circuitry. Digital Systems. Analog
Systems. Applications Engineering.

ATOMIC PHYSICS. Spectroscopy. Radiometry. Mass Spectrometry. Solid State Physics. Electron Physics.

Atomic Physics.

INSTRUMENTATION. Engineering Electronics. Electron Devices. Electronic Instrumentation. Mechanical

Instruments. Basic Instrumentation.

Office of Weights and Measures.

BOULDER, COLO.
CRYOGENIC ENGINEERING. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. Gas
Liquefaction.

IONOSPHERE RESEARCH AND PROPAGATION. Low Frequency and Very Low Frequency Research. Ion-

osphere Research. Prediction Services. Sun-Earth Relationships. Field Engineering. Radio Warning Services.

RADIO PROPAGATION ENGINEERING. Data Reduction Instrumentation. Radio Noise. Tropospheric Meas-
urements. Tropospheric Analysis. Propagation-Terrain Effects. Radio-Meteorology. Lower Atmosphere Physics.

RADIO STANDARDS. High frequency Electrical Standards. Radio Broadcast Service. Radio and Microwave
Materials. Atomic Frequency and Time Standards. Electronic Calibration Center. Millimeter-Wave Research.

Microwave Circuit Standards.

RADIO SYSTEMS. High Frequency and Very High Frequency Research. Modulation Research. Antenna Re-

search. Navigation Systems. Space Telecommunications.

UPPER ATMOSPHERE AND SPACE PHYSICS. Upper Atmosphere and Plasma Physics. Ionosphere and

Exosphere Scatter. Airglow and Aurora. Ionospheric Radio Astronomy.
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